This study aimed to compare the dietary supplementation of oleuropein (O) and α-tocopherol acetate (TA) alone or with organic selenium (Se) on liver antioxidant status and some plasma biochemistry parameters in Japanese quails reared under heat stress (HS). A total of 800, two-weeks old quails were kept in wire cages in the temperaturecontrolled rooms at either 22°C or 34°C for 8 h/d and fed on a basal diet (NC) or the diets supplemented with TA (TA200) or O (O200) at 200 mg/kg alone or with OSe (TA200+OSe and O200+OSe) to the NC diet. HS decreased the total antioxidant status (TAS) and increased the total oxidative stress (TOS) and oxidative stress index (OSI) of liver compared to thermoneutral temperature (TN). The TA200, O200, TA200+OSe and O200+OSe diets increased TAS and decreased TOS of liver compared to those of quails fed NC. OSI was decreased by the TA200, O200 and TA200+OSe diets compared to NC and O200+OSe diets. HS reduced plasma albumin (A) and total protein (TP) concentrations, on the other hand, increased plasma glucose (G), total cholesterol (CHO) and triglyceride (TG) levels compared to TN. The TA200, O200, TA200+OSe and O200+OSe diets reduced plasma total CHO and TG levels and increased plasma A level. The TA200 and TA200+OSe diets reduced plasma G level and increased plasma TP levels compared to those of quails fed the other diets. In conclusion, dietary supplementation of vitamin E and oleuropein alone or with organic selenium is necessary to remove the negative effects of heat stress on liver antioxidant status and some plasma parameters of quails.
Introduction
The heat stress (HS) due to the increased industrialization and environmental degradation is a major problem of the poultry sector in the World (Ajakaiye et al., 2010) . HS causes an increase in free radicals by starting lipid peroxidation in cell membranes and the release of stress hormones that directly influence glucose and lipid metabolisms as well as protein catabolism (Hosseini-Mansoub et al., 2010; Imik et al., 2013) . Increasing concentrations of corticosterone were parallel to increases in serum glucose, triglyceride and cholesterol concentrations (Sahin et al., 2003) . There are several methods to alleviate the negative effects of HS of poultry. Since the cooling animal buildings is expensive and impractical, such methods are mostly focused on the dietary manipulation (Tawfeek et al., 2014) .
It has been suggested that there is a synergistic relationship between selenium (Se) and vitamin E for amelioration the negative effects of HS in poultry, because Se dependent glutathione peroxidase (GSHPx) continues the work of vitamin E by detoxifying hydroperoxides (Surai, 2002) . Especially in recent years, the organic Se sources have been widely used as an alternative to the inorganic Se because organic Se is deposited into the animal tissue more efficiently than inorganic Se (Zdunczyk et al., 2013) .
Recently, apart from vitamin E, olive-leaf and oil have been receiving much attention as natural antioxidants (Hayes et al., 2011) . Oleuropein is the most prominent and active phenolic compound in dried olive leaves (Olea europaea L.)/g (Benavente-Garcia et al., 2000) . Most phenolic compounds in the olive leaf or olive leaf extract have been shown in vitro (Silva et al., 2006) and in vivo (Andreadou et al., 2006; Jemai et al., 2008; RuizGutierrez et al., 2001) antioxidant activity. A previous study showed that olea europaea extracts, oleuropein and hydroxytyrosol were much more effective than butylated hydroxytoluene (BHT) or vitamin E as antioxidant (Aruoma et al., 1998) . The ability of the bioactive polyphenolic compounds in the olive leaves extract to act as an antioxidant derived from their standard one-electron reduction potential by either donating hydrogen or electron or breaking the free radical chain reaction and by preventing metal ion chelation (Hayes et al., 2011) .
The present study aimed to compare the effects of the dietary supplementation of α-tocopherol acetate and oleuropein without or with organic selenium on the total antioxidant status, the total oxidative stress and oxidative stress index of liver and some plasma biochemistry parameters in Japanese quails exposed to HS.
Materials and Methods

Animal Care and Housing
A total of 800 one-day old Japanese quail (Coturnix coturnix japonica) chicks of mixed-sex purchased from a commercial hatchery (19 Mayis University Poultry Production and Marketing Plant, Samsun, Turkey) were used in the experiment. The study was conducted in accordance with animal welfare at the Poultry Research Centre of Gaziosmanpasa University.
The chicks were weighed and randomly distributed to the 40 wire cages (20 chicks/cage). Each cage was equipped with nipple drinkers and electrical heating system by thermostats. The poultry research house including of these cages had two identical rooms that can be separated with a door. During the first 2 weeks, rooms were not separated and standard brooding temperatures were applied to both rooms with temperature gradually decreased from 32°C to 26°C by the end of the second week of age. Quails in each wire cages were randomly assigned to 10 experimental groups, 4 replicates of 20 quails each in a 2 (temperature treatments, TTs) x 5 (dietary treatments, DTs) factorial arrangement from 3 to 5 weeks.
At two weeks of age, 5 of 10 experimental groups were subjected to either thermoneutral temperature (TN) or HS treatments and HS room was separated from TN room. Temperatures in the rooms were arranged as follows:  Thermoneutral temperature room: quails were kept at 24, 22 and 20°C, at 3, 4 and 5 weeks. Relative humidity in this room ranged from 50 to 60% during the experiment.  Heat stress treatments room: quails were exposed to 34°C for 8 h/d (09:00 to 17:00 h) and then (from 17:00 to 09:00 h) to 24, 22 and 20°C at 3, 4 and 5 weeks. Relative humidity ranged from 60 to 70% from 2 weeks until the end of the study. The experiment was conducted during the autumn 2013. Temperature and humidity were monitored in each room at two locations using a temperature-humidity record system. A fluorescent lighting Schedule of 23 h light and 1 h dark was used during the study with an average light intensity of 40 lux. The olive leaf extract was provided by the Bio-Olive Ltd. Company (Ayvalik, Turkey). And then, the extract was filtered with Whatman No.1 filter paper. The filtrates were carried to a rotary evaporator to remove ethanol under reduced pressure at 38°C, 120 rpm. The remaining aqueous solutions were lyophilized at -50°C, 0.028 mbar and the crude extracts were kept in vacuum bags at -80°C until the use.
Analytical Procedures
Total phenol content of the olive leaf extract (OLE) and the experimental diets was determined by using Folin-ciocalteu method with a modificaion of Lako et al. (2007) . Total phenol content of the olive leaf extract (OLE) and the experimental diets was determined by using Folin-ciocalteu method with a modificaion of Lako et al. (2007) . Results were expressed as milligrams of gallic acid equivalents (GAE) per fresh weight. The phenol content of OLE was calculated as 196.81±2.83 mg/GAEq/g extract.
The oleuropein (O) content of the OLE and experimental diets was analyzed in the Sciences of Izmir Institute of Technology (Izmir, Turkey). The HPLC analysis was used for the determination of the oleuropein content in the OLE and diets supplemented with oleuropein at different levels. Oleuropein in OLE was identified by comparing its retention times with the corresponding standards. The average amount of oleuropein of OLE was 97.0 mg OLE/g. With attention of oleuropein content of OLE, the OLE was supplemented to supply at the level of 200 mg oleuropein/kg diet.
Se concentrations of the experimental diets were analysed using hydride generation atomic fluorescence spectroscopy of an acid digest of the samples according the method described by Surai et al. (1996) . Se concentrations in the diet samples were calculated from the linear relationship (r 2 =0.999) obtained using sodium selenite as a standard.
Vitamin E (α-tocopherol acetate) concentrations in the diets were determined using the HPLC system, after sample saponification with ethanolic KOH in the presence of pyrogallol (Surai et al., 1996) . Se, vitamin E (α-tocopherol acetate) and oleuropein contents of the experimental diets are given in Table 1 .
Measurements
Antioxidant status and oxidative stress parameters of liver: At 35 days of age, a total of 120 quails (twelve quails from each group) were randomly selected, bled from the brachial vein and slaughtered to determine the total antioxidant status (TAS) and the total oxidative stress (TOS) of liver. After slaughtering, the liver samples of quails were dissected, flushed with phosphate buffer at pH: 7.4 and a sample of homogenate was centrifuged in a fixed angle rotor at 4°C for 10 min. at 6000 xg to obtain supernatant for analyses of TAS and TOS. Liver homogenate was stored in a freezer at -80°C further analyses of their TAS and TOS parameters.TAS and TOS levels were determined by using commercial kits (Rel Assay Diagnostic) on an autoanalyzer (Beckman Coulter Synchron LX-20) at the Biochemistry Laboratory, Research and Training Hospital, Faculty of Medicine, Cumhuriyet University.
Measurement of the TAS:
The TAS levels of the liver were determined using anautomated measurement method based on bleaching of the characteristic color of a 2,2'-azino-bis [3-ethylbenzthiazoline-6-sulfonic acid] (ABTS) radical cation caused by antioxidants (Erel, 2004) . The results are expressed in mmol Trolox equivalents/L.
Measurement of the TOS:
The TOS levels of the liver were determined using a novel automated measurement method (Erel, 2005) . Oxidants present in the sample oxidize the ferrous ion-odianisidine complexes into ferric ions. The oxidation reaction is enhanced by glycerol molecules that are abundantly present in the reaction medium. The ferric ions form a coloured complex with xylenol orange in an acidic medium. Therefore, the colour intensity, measured spectrophotometrically, is related to the total number of oxidant molecules present in the sample. The assay is calibrated with hydrogen peroxide and the results are expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H 2 O 2 equiv./L).
Oxidative stress index (OSI):
The oxidative stress index (OSI) is the percentage ratio of TOS level to TAS level (Kosecik et al., 2005) . For calculation, the resulting micromolar unit of TAS was converted to milimoles per liter, and the OSI value was calculated according to the following formula: OSI (arbitrary unit)= TOS (micromolar hydrogen peroxide equivalent per liter)/TAS (nmol Trolox/L).
Plasma biochemistry parameters: At 35 days of age, the blood samples obtained from a total of 120 quails (twelve quails from each group) slaughtered by severing the jugular vein were collected in test tubes with anticoagulant (EDTA) and centrifuged at 2000 xg for 15 min at 4°C. After centrifugation, plasma was removed and immediately stored at -80°C to determine some plasma biochemistry parameters. Autoanalyser test kits (Audit Diagnostics, Ireland) were used for determination of albumin, total protein, glucose, triglyceride, total cholesterol as Audit Autoanalyser (Autolab, AMS Srl, The Netherlands) as described by the manufacturers.These plasma biochemistry parameters were determined at the Biochemistry Department, Faculty of Veterinary, Ondokuzmayis University.
Statistical Analysis
A 2x5 factorial analysis of the variance with a twoway ANOVA by using the GLM procedure of SPSS statistic package (SPSSWIN, 2007) was applied to data related to liver and plasma parameters with a model including dietary treatments and temperature effects and their interactions. Significant differences between treatment means were separated using Duncan's multiple range test (Duncan, 1955) . Data were assumed to be statistically significant when P<0.05. Chi-square analysis was performed for mortality rates.
Results and Discussion
Total Antioxidant Status, Total Oxidative Stress and Oxidative Stress Index of Liver
The effects of the dietary supplementation of TA or O without or with OSe on the TAS, TOS and OSI of liver of quails exposed to TN and HS were summarized in Table  2 .
As shown in Table 2 , HS decreased the TAS (P<0.01) and increased the TOS (P<0.05) of liver. In addition, the TA200, O200, TA200+OSe and O200+OSe diets increased the TAS (P<0.01) and decreased the TOS (P<0.05) of liver. Both DTs and TTs influenced OSI of quails (P<0.01). The NC and O200+OSe diets increased OSI of quails compared to those of quails fed the TA200, O200 and TA200+OSe diets (P<0.01). In addition to, OSI of quails was increased by HS compared to TN (P<0.01). This situation may be derived from the increase of free radical production and the reduction of the antioxidant system due to HS (Jang et al. 2014 ).
This finding is in agreement with the result of Khan et al. (2013) reported that dietary supplementation of vitamin E increased TAS and reduced TOS and OSI of serum in broilers compared to the CONT diet. In contrast, Jang et al. (2014) showed that serum TAS of broilers under high temperature was not influenced by dietary vitamin E supplementation compared to the basal diet. In addition, Zdunczyk et al. (2013) indicated that the supplementation of vitamin E and inorganic selenium in combination did not significantly affect serum TAS of laying hens.
Morever, our results related to the increase of serum TAS level due to O200 and O200+OSe diets concurs with the findings of Ryzner et al. (2013) . They found that the diets containing salvia officinalis essential oil alone or together with inorganic Se significantly enhanced the plasma TAS level of broiler chickens.
In addition, Kara et al. (2014) reported that dietary green tea catechins' addition increased the serum TAS concentration of Japanese quails. On the contrary, Lipiński et al. (2015) pointed out that the chickens fed diet with the polyphenol supplement had higher serum TAS compared to the group fed diet only with vitamin E.
This can be attributed to the accumulation of phenolic compounds indicating antioxidant properties in olive leaf extract in various tissues of chickens when this extract was supplemented to diet continous (Lee et al., 2004) . It is assumed that the dietary supplementation of this antioxidant phenolic compound might have been suppressed the oxidative stress (Khan et al., 2011) .
Plasma Biochemistry Parameters
The effects of the dietary supplementation of TA or O alone or with OSe on some plasma biochemistry parameters of quails exposed to TN and HS were summarized in Table 3 . As shown in Table 3 , both DTs and TTs influenced plasma albumin (P<0.01) and total protein (P<0.05) levels.
HS reduced plasma albumin level (P<0.01). This result is not in agreement with the findings of Imik et al. (2013) who reported that there is no differences between broilers exposed to normal heat and heat stress in terms of serum albumin concentration.
The TA200, O200, TA200+OSe and O200+OSe diets increased plasma albumin level of quails compared to that of quails fed the NC diet (P<0.01). This finding concurs with the result of Seyrek et al. (2004) . They pointed out that the dietary vitamin C supplementation at different levels (150, 250 and 500 mg/kg L-ascorbic acid) of laying Japanese quails exposed to HS significantly increased serum albumin concentration compared to the NC diet. The increase of serum albumin concentration in our study may be explained by the reduction of synthesis and secretion of corticoid hormones in quails received TA and O alone or in combination. As a result, the reduction of corticoids levels might have reduced protein catabolism and increased serum albumin concentration (Seyrek et al., 2004) .
In addition, El-Damrawy et al. (2013) found that feeding diet containing 1 or 2% olive leaf powder significantly increased plasma albumin level of chickens. In contrast, a previous study showed that dietary supplementation of lemon peel extract, orange peel extract and curcuma xanthorrhiza essential oil at 200 or 400 mg/kg level did not significantly affect serum albumin concentration of broilers reared under HS (Akbarian et al. 2014 ). In addition, Ahmed et al. (2015) indicated that serum albumin level of broilers was significantly decreased by dietary supplementation with 1.5 g/kg rosemary leaf compared to the vitamin E supplemented diet.
Likewise, HS decreased plasma total protein level of quails compared to that of quail reared in TN (P<0.05). This result is agreement with the finding of Tawfeek et al. (2014) who reported that HS significantly decreased the serum total protein level of broiler compared with that of broiler exposed to TN. This stiuation may be derived from the reduction at the activities of trypsin and chymotrypsin by a high temperature (Hai et al., 2000) . As a result, the digestibility of amino acids is decreased at a high environmental temperature in broilers. On the other hand, Yardibi et al. (2009) found that HS did not significantly decrease serum total protein level in laying hens compared to no heat. The TA200 and TA200+OSe diets in our study increased plasma total protein level of quails compared to those of quails fed the other diets (P<0.05). In the same way, serum total protein level is significantly increased in broilers (Sahin and Kucuk, 2001 ), Japanese quails (Sahin et al., 2006) and laying hens (Ajakaiye et al., 2010) exposed to HS by dietary supplementation of vitamin E. Dietary vitamin E supplementation increased plasma protein level because vitamin E dramatically decreased blood ACTH and the effects of ACTH on protein catabolism in heat-stressed Japanese quails (Sahin et al. 2003) .
As indicated in Table 3 , HS increased plasma glucose level in quails compared to TN (P<0.01). The increasing level of plasma glucose may be derived from an increase in free radicals and the release of ACTH and cortisol hormones that prevent insulin release and stimulate gluconeogenesis due to HS (Ajakaiye et al. 2010) . Likewise, Kutlu and Forbes (1993) and Rashidi et al. (2010) found that HS increased plasma glucose level. On the other hand, Tatli Seven et al. (2009) recorded that plasma glucose level was not significantly affected by HS.
DTs influenced plasma glucose level and only TA200 and TA200+OSe diets decreased plasma glucose level in quails (P<0.01) compared to those of quails fed the other diets. In a same way, Kutlu and Forbes (1993) showed that vitamin C supplementation markedly reduced blood glucose level in heat-stressed broilers. Sahin et al. (2003) reported that dietary vitamin C and E supplementatin dramatically decreased blood glucose level in heat-stressed Japanese quail. This shows that dietary vitamin E alone or with organic selenium supplementation might have reversed oxidative stressdecreased insulin release by increasing the secretion and/or synthesis of glucocorticoids due to HS (Sahin et al., 2003) .
As indicated in Table 3 , HS enhanced plasma total cholesterol (P<0.05) and triglyceride (P<0.01) levels in quails compared to that of quails exposed to TN. Our results related to plasma cholesterol and triglyceride levels are in agreement with the findings of HosseiniMansoub et al. (2010) and Tawfeek et al. (2014) . They reported that the serum cholesterol and triglyceride levels in broilers were significantly increased by HS compared to TN. The increase in blood lipids under HS was explained by Rashidi et al. (2010) . They pointed out that HS decreased feed intake of broilers compensate their energy requirement by lipolysis of body lipid that it results in increasing the plasma cholesterol and triglyceride levels. On the other hand, Yardibi et al. (2009) and Ajakaiye et al. (2010) reported that serum cholesterol level of laying hens was not significantly affected by HS compared to no heat.
Morever, the TA200, O200, TA200+OSe and O200+OSe diets reduced plasma cholesterol (P<0.05) and triglyceride (P<0.01) levels compared to the NC diet. Sahin et al. (2003) pointed out that vitamin E supplementation reduced plasma cholesterol level in heatstressed Japanese quails. This result concurs with the finding of Rashidi et al. (2010) who showed that the supplementation of vitamin E and zinc to diets of broiler reared under HS decreased serum cholesterol and triglyceride levels.
The higher levels of stress hormones in circulating system due to HS stimulate lipolysis and increase circulating cholesterol and triglyceride levels. On the other hand, dietary antioxidant sources' supplementation might have been decreased the synthesis of stress hormones such as glucocorticoids in quails under HS. Reduction of glucocorticoids secretion may limit the lipid catabolism and the lipolysis (Hajati et al. 2016) . Likewise, Hosseini-Mansoub et al. (2010) found that the antioxidant (vitamin E+zinc) supplementation to diets of broiler chickens reared under thermoneutral and high temperature significantly decreased serum cholesterol and triglyceride levels compared to diet without antioxidant supplementation. Morever, Sujatha et al. (2010) indicated that polyherbal premix supplementation to broiler diets exposed to HS significantly reduced plasma cholesterol. Hosseini-Vashan et al. (2012) reported that dietary turmeric rhizome reduced serum cholesterol concentration in pre-and post-heat stressed chickens. The results of the study of Hajati et al. (2016) indicated that dietary grape seed extract supplementation at 450 mg/kg diet reduced serum cholesterol and triglyceride levels of broilers under HS. The decrease in serum cholesterol and triglyceride levels may be explained by the reducing effect of herbal extracts on hepatic-3-hydroxy-3-methylglutaryl coenzyme A reductase that requires for cholesterol synthesis in liver (Ariana et al. 2011 ).
Conclusions
It is concluded that dietary supplementation of vitamin E and oleuropein alone or with organic selenium is necessary to remove the negative effects of heat stress on liver antioxidant status and some plasma parameters of quails.
